Recent research has focused on natural plant products as alternative for disease control in both developed and developing countries. Medicinal plants can be a possible source for new potent antimicrobial agents to which pathogenic strains are not resistant. The present study was carried out to determine the in vitro antimicrobial activity of 14 plant species namely; Allium sativum, Aloe vera, Bryophyllum pinnatum, Cassia ocidentalis, Citrus sinensis, Euphorbia hirta, Mangifera indica, Myristica fragrans, Ocimium gratissimum, Piper guineese, Psidium guajava, Spermacoce verticilata, Vernonia amygdalina and Zingiber officinale and 3 antibiotic drugs namely; ampicillin, ciprofloxacin and streptomycin on Escherichia coli O157:H7 isolated from human clinical sample. The extracts of the plant species were prepared by cold percolation method using ethanol and water as solvents. Phytochemical analyses of the extracts of the different plant species were determined using standard methods. Agar well diffusion method was used to evaluate the antimicrobial sensitivity test of the plant extracts and that of antibiotic drugs at different concentrations ranging from 31.25 to 500 mg/ml. The minimum inhibitory concentration (MIC) of the antimicrobial agents against Escherichia coli O157:H7 was also conducted. Phytochemical analyses of the plant species revealed the presence of bioactivity principle such as alkaloids, balsam, cardiac glucoside, flavonoids, phenols, resins, saponins, tannins, terpenes and steroids. The results showed that all the antimicrobial agents exhibited inhibitory effects against the growth of the bacterial isolate at various degrees. Among the plant species employed in the study, the ethanolic and water extracts of P. guajava showed the highest inhibitory effect against the bacterium with growth inhibition mean zone diameters of 29.9 and 26.0 mm respectively at 500 mg/ml. Following P. guagava in order of inhibitory effect against E. coli O157:H7 are ethanolic extracts A. sativum, Z. officinale, V. amygdalina and M. indica with mean zones of inhibition of 21.2, 20.8, 20.3 and 19.9 mm respectively at 500 mg/ml. The results also revealed that of the three antibiotic drugs used in the study, ciprofloxacin exhibited the highest inhibitory effect against the organism with zone of inhibition of 38.6 mm, followed by streptomycin 30.2 mm, while ampicilin had the least 22.3 mm. The MIC results reveal that some of the plant species showed similar inhibitory effect against the bacterium, while the MIC results of the rest of the plants varied from one another. The in vitro study of the antimicrobial activity of the extracts of the various plant species and that of the antibiotic drugs against E. coli O157:H7 has demonstrated that certain folk medicine can be as effective as modern medicine in combating pathogenic microorganisms.
INTRODUCTION
Many works have been done which aim at knowing the different antimicrobial and phytochemical constituents of medicinal plants and using them for the treatment of microbial infections (both topical and systemic applications) as possible alternatives to chemically synthetic drugs to which many infectious microorganisms have become resistant (Akinpelu and Onakoya, 2006) . Edeoga et al. (2005) reported that the pace of development of new antimicrobial drugs has slowed down; while the prevalence of resistance (especially multiple resistances) has increased astronomically. The increase in number of antibiotic resistant bacteria is no longer matched by expansion in the arsenal of agents available to treat infections. Literature reports and ethnobotanical records suggest that plants are the sleeping giant of pharmaceutical industry and they may provide natural source of antimicrobial drugs that will provide novel or lead compounds that may be employed in controlling some infections globally (Akinpelu and Onakoya, 2006; Cragg and Newmam, 2013; Gairola et al., 2014; Gordon et al., 2013; David et al., 2015) .
The medicinal value of plants lies in archetypal plant constituents that produce a definite physiological action on the human body. The most important of these bioactive compounds of plants are alkaloids, cardiac glycosides, flavonoids, tannins, saponin, phenolic compounds, steroids and terpenes (Sofowora, 1993; Edeoga et al., 2005; Ojo et al., 2014; Omonkhua et al., 2015) . Many phytochemical compounds have been shown to be bioactive, that is they exhibit remarkable biological activity in other living organism (Harborne et al., 1975; Hartog et al., 1993; Jin-Hyung et al., 2011) . Many workers have demonstrated the antidiarrhoeal and antimicrobial activities of phytochemical compounds such as tannins (Mukherjee et al., 1998) , flavonoids (Galvez et al., 1993; Ekuadzi et al., 2014) , alkaloids (Gricilda and Molly, 2001) , saponins, sterols and terpenes (Otshudi et al., 2000) containing plant extracts. The phytochemical research based on ethno-pharmacological information is generally considered as effective approach in the discovery of new antimicrobial agents from higher plants ( (Erodgrul, 2002; Kloucek et al., 2005; Veeramuthu et al., 2006) . In general, most of the plants used in folk medicine have not been screened for their antimicrobial activity (Kubmarawa et al., 2007) .
Escherichia coli O157:H7 is an emerging cause of food borne illness such as haemorrhagic colitis (bloody diarrhoea), haemolytic-uremic syndrome (HUS) (leads to kidney failure) and thrombotic thrombocytopenic purpure Itelima et al. 793 (TTP) (leads to cardiac and neurological manifestations) (Doyle and Padhye; Center for Disease Control and Prevention (CDC), 2003) . It was first recognized as a cause of illness in 1982 during an outbreak of severe bloody diarrhoea. The outbreak was traced to contaminated hamburgers (Riley et al., 1983) . Since then, there have been many reports throughout the world describing the severe disease associated with this organism (Karch, 1996) . This strain of E. coli produces powerful toxins (Belongia et al., 1993) . It grows slowly at refrigeration temperature and can survive under acid environment (Thomas et al., 1995) . No specific therapy has been proved in patients with E. coli O157:H7. Some studies have suggested that HUS is likely to develop in patients treated with antibiotics (Pavia et al., 1990) . As early as 1980's Karch et al. (1986) performed an elegant in vitro experiment in which they added trimethoprim-sulfamethoxazole to cultures of E. coli O157:H7 and found that these drugs increased the release of Shiga toxin by the bacterium. These findings have since been extended to other enterohaemorrhagic strains of E. coli and other antibiotics. The findings have also raised the possibility that antibiotic treatment of E. coli O157:H7 infections might actually increase the risk of the haemolytic uraemic syndrome (CDC, 2003) . Wong et al. (2000) provided data that validate this concern. Specifically, children who received antibiotics (trimethoprim-sulfamethazole or β-lactams) for diarrhoea caused by E. coli O157:H7 had a significant higher risk of the haemolytic-uraemic syndrome than those who did not receive antibiotics. The association was strong and independent of confounding variables, such as objective indices of the severity of illness. In 1996 an outbreak of infection with these organisms in Japan was associated with the consumption of white-radish sprouts (Wachsmuth et al., 1997) . Subsequent analysis of risk factors for the haemolytic-uraemic syndrome revealed that antibiotics prevented the disease. In a Japanese study, the majority of patients received antibiotics, so the effect of no treatment could not be compared with that of treatment (Wong et al., 2000; Proulx et al., 1992) .
Even though E. coli O157:H7 is widely considered sensitive to multiple classes of antibiotics (Griffin and Tauxe, 1991) , strains showing multiple resistance to streptomycin, tetracycline and sulphisoxazole have been described in the USA (Swerdlow et al., 1992; Kim et al., 1994) . Mawak and Ashamu (2006) also reported that out of the 8 antibiotics tested against E. coli O157:H7, only 4 namely; ampicillin, ciprofloxacin, gentamycin and to ease stomach cramps and stomach acidity in newborns (Sofowora, 1993) Resistant strains might have a selective advantage over other fecal flora of cattle to which antimicrobial agents are administered in feed or for therapeutic purposes, thereby increasing the frequency with which EHEC can be found in food of bovine origin (Dupont et al., 1996) . Many factors influence the transmission of a gastrointestinal infection with E. coli O157:H7 to the haemolytic-uraemic syndrome (Lothar, 2000) . The data of Wong et al. (2000) support the theory that antibiotics have an important role in this progression.
According to Lothar (2000) much has been learned since the publication of the 1983 report linking the haemolytic uraemic syndrome to gastrointestinal infection with E. coli O157:H7, but much work still needs to be done to devise specific therapies to halt this progression. One way to prevent antibiotics resistance of pathogenic species is by using new compounds that are not based on existing synthetic antimicrobial agents (Rogas et al., 2006) . Medicinal plants might represent an alternative treatment in both severe and non-severe cases of infectious diseases and can also be a possible source for new potent antibiotics to which pathogenic strains are not resistant (Rogas et al., 2006) .
Plants under study
Fourteen plant species used to determine antimicrobial activity against E. coli O157:H7 isolate are described as follows:
1. Garlic (Allium sativum) belongs to the family Liliaceae and is commonly known as garlic (David, 1997) . The use of garlic in history goes back to thousands of years for treatment of numerous conditions throughout the world; garlic has generally been used for the treatment of diarrhoea, dysentery and many other ill health conditions (Murray, 1995) . Garlic can be used as an antimicrobial agent, for immune enhancement and for cancer prevention (Rees et al., 1993; Lawson, 1998) . Garlic has also been known to be capable of a broad spectrum antibiotic activity in inhibiting the growth of both gram positive and gram negative bacteria (Ross et al., 2001) . In vitro, garlic powder induced inhibitory effect on the growth of E. coli O157:H7 with MIC value 10000 mg/liter (Eman and Hoda, 2008) . 2. Indian aloe (Aloe vera) is a member of the family Liliaceae. It is related to onion, garlic and asparagus and has been noted to possess keratolic action (Hutchison et al., 2004) . This is the action of removing damaged skin, and replacing it with new cells. It also allows the free flow of blood through the veins and arteries, clearing them of small blood clots (Erique, 1988) . The same author reported that this plant has been proved to stop the destructive action of many bacteria such as Salmonella and Staphylococcus that produce pus. It also combats E. coli, Streptococcus faecalis as well as being effective against yeast (Candida albicans). 3. Life plant (Bryophyllum pinnatum) belongs to the family Crassulaceae. The crushed leaves or juice expressed from them are warmed as a poultice with shea-butter or palm oil and rubbed on abscesses or other inflammatory condition. It is also used for the treatment of arthritis and also used as anti-diarrhoeal plants (Iwu, 1993) . 4. Stinking weed (Cassia occidentalis) belongs to the family Leguminosae. It is cosmopolitan in distribution (Akobundu, 1998) . The plant has an unpleasant odour; however it is desirable because of its medicinal virtues. The documented properties and actions of this plant include: Antibacterial, antifungal, antiparasitic, antiseptic and insecticidal (George and Roger, 1998) . 5. Sweet orange (Citrus sinensis) belongs to family Rutaceae and originated in tropical and sub-tropical Southeast Asia (Bangbose, 1980) . The plants are large shrubs or small trees with spiny shoots. It is commonly known as sweet orange. The leaves, stems and bark of C. sinensis have high medicinal value and are used in treating viral, protozoan and bacterial infections (Sofowora, 1993) . 6. Asthma herb (Euphorbia hirta) belongs to the family Euphorbiaceae. It is a creeping plant with very small leaves and branched stems. The plant is popularly known as Australian asthma herb. It is used to treat asthma and respiratory tract inflammation. It is also used 7. Mango (Mangifera indica) belongs to the family Anacardiaceae, which consists of about sixty genera and six hundred species, which are mainly tropical trees and shrubs (Trease and Evans, 1989) . It was also observed that aqueous leaf extract of M. indica inhibited the growth of E. coli and some other pathogenic bacteria (Akinpelu and Onakoya, 2006) . 8. Nutmeg (Myristica fragrans) belongs to the family Myristicaceae. Nutmeg is a common household remedy for diarrhoea (Shidore et al., 1985) . It has been also reported that nutmeg may be of value in the treatment of refractory diarrhoea in some patients (Shafran et al., 1996) . 9. Bush tea (Ocimum gratissimum) belongs to the family lamiaceae. It is a stout aromatic herb with its flower arranged in loose racemes (Trease and Evans, 1989) . Apart from its flavouring purpose, its use as a medicinal plant is well documented. It is a folk remedy for many diseases such as fever, diarrhoea, dysentery, stomach ache, headache and cough (Tella, 1986) . 10. Brown pepper (Piper guineense) belongs to the family Piperaceae. It is a native to South-Western India. It is cultivated in tropical regions around the world, and praised as a spice and a medicine since ancient times (Garland, 1984) . They are used to treat nausea, stomach ache or lack of appetite. It is antiseptic and antibacterial and is effective in reducing fever (Duke, 1985) . 11. Guava (Psidium guajava) belongs to the family Myrtaceae (Gill, 1988) . The plant is used in folk medicine to treat fever, diarrhoea and as tonic in psychiatry (Iwu, 1993) . The methanolic extracts of P. guajava were also shown to possess antibacterial effect on Bacillus subtilis, Stapylococcus aureus, E. coli and Pseudomonas aeruginosa (Abdelrahim, 2002) . Clinical studies on plant drugs from leaves of P. guajava on some volunteers with gastrointestinal ailments were found to be effective (Olajide et al., 1999) . Bark and leaf extracts of P. guajava is also used for diarrhoea, stomach ache and diabetes (Tanaka et al., 1992) . In several studies, guava showed significant antibacterial activity against such common diarrhoea-causing bacteria as S. aureus, Shigella dysentriae, Salmonella typhi, Escherichia coli and P. aeuroginosa (Lozoya et al., 2002) . Human clinical trials have also indicated the effectiveness of guava in treating diarrhoea in adults and infants (Tona, 1999; Lin, 2002) . 12. Button weed (Spermacoce verticillata) belongs to family Rubiaceace. It is commonly referred to as shrubby false button weed (Burkill, 2000) . It is used in treating acute diarrhoea and other gastrointestinal tract infections by the oral use of the leaf extracts (Burkill, 2000) . 13. Bitter leaf (Vernonia amygdalina) commonly known as bitter leaf belongs to family Vernoniaceae. The water extracts serves as tonic drink for the prevention of certain illness (Kokwaro, 2000) . The bitter taste is due to antinutritional factors such as alkaloids, saponins, tannins and glycosides (Tanaka et al., 1992) . It possesses antimicrobial activities against organisms such as S. dysenteriae, S. aureus, Streptococcus pyogenes and E. coli (Nwokedi et al., 2003) . 14. Ginger (Zingiber officinale) belongs to the family Zingiberaceae. Ginger is the common name for this plant. Ginger has analgesic, sedative, antipyretic and antibacterial properties (O'Hara et al., 1998) .
Although the antimicrobial activity of the plant species investigated in this study have been well documented, there is still dearth of information as regarding the antimicrobial activity of these plants against E. coli O157:H7. The development of drug resistance in human pathogens against commonly used antibiotics has necessitated a search for new antimicrobial substances from other sources including plants that can aid in treating infection associated with E. coli O157:H7.
MATERIALS AND METHODS

Source of plant materials and antibiotic drugs
All plants were obtained from Jos North Local Government Area of Plateau State, Nigeria and authenticated in the Department of Plant Science and Technology, Faculty of Natural Sciences, University of Jos, Nigeria. The antibiotic drugs were purchased from a pharmaceutical shop.
Preparation of plant extracts
Plant extracts were prepared by cold percolation method described by Akinpelu and Onakoya (2006) . The various test plant species were well dried under the shade and then ground into fine powder using an electrical blender. A portion of 250 g each of the plants powder was separately soaked in 300 ml of 95% ethanol and another portion in 300 ml of sterile distilled water in glass containers and then covered with their lids. The plants soaked in ethanol were kept at room temperature those soaked in water were kept at refrigeration temperature (to prevent spoilage) for the period of 7 days to permit full extraction of the active ingredients or the chemical components. The fluids were then filtered using whatman No 1 filter paper into beakers. The extracts were obtained by oven drying the filtrate at 50°C and then kept in refrigerator pending analysis.
Phytochemical screening of the medicinal plant extracts
The phytochemical screening of the ethanolic extracts of the plant parts mentioned above was carried out in order to elucidate the chemical constituents such as alkaloids, balsam, cardiac glycosides, flavonoids, phenols, saponins, tannins, terpenes and steroids, responsible for their antimicrobial and therapeutic activities. The plant extracts were screened for the presence of these agents using standard qualitative procedures described by Trease and Evans (1989) and Sofowora (1993) .
Source of microorganism
The culture of E. coli O157:H7 was obtained from the Microbiology Unit of the Department of Plant Science, University of Jos, Nigeria. The organism was isolated from human stool sample. The bacterial culture was maintained on nutrient agar slant and kept in refrigerator prior to use.
Sensitivity test
Before carrying out the antimicrobial tests, five grams (5 g) of each of the extracts was weighed separately and dissolved in 10 ml of sterile distilled water to produce a solution of 500 mg/ml. A serial doubling dilution was then carried out for each of the solutions to obtain concentrations of 250, 125, 62.5 and 31.25 mg/ml (Taura and Oyeyi, 2009 ). The same concentration levels were prepared using antibiotic drugs.
The antimicrobial activity of each of the plant extracts was determined using agar well diffusion method (Irobi et al., 1996; Akande and Hayashi, 1998) . The bacterial isolates were subcultured three times in fresh Tryptone Soya Broth (TSB) in order to obtain a more vigorous population. The stocks were incubated at 37°C for 24 h. A 0.5 ml of the standardized portion of the new culture was aseptically transferred into Petri dishes containing nutrient agar and left for about 20 min to allow the microorganisms fix on the medium. Wells where extracts were to be introduced into the plates were carefully marked using sterile cork borer (6 mm diameter) and small drops of extract of various concentrations (500, 250, 125, 62.5 and 31.25 mg/ml) were added into the wells. A well was also made at the central portion of the agar medium and drops of sterile distilled water and or 95% ethanol were placed therein to serve as controls. The plates were incubated at 37°C and the zones of inhibition were measured after 24 h. The growth inhibitory effects of the plant extracts were compared with that of 3 standard antibiotics, namely; ampicillin, ciprofloxacin, and streptomycin at the same concentrations as the plant species. The presence of zones of inhibition was regarded as the evidence of antimicrobial action. The zones of inhibition were measured with a ruler at right angles across the zones to find the average diameter in millimeters.
Determination of minimum inhibitory concentration (MIC)
The MIC was determined for the plant species that showed inhibitory effect against the test organism. The macro broth dilution method (utilizing nutrient broth) was used for the determination of MIC. Serial doubling dilutions of the plant extracts and the standard antibiotics were prepared according to the method described by Taura and Oyeyi (2009) in test tubes containing 2 ml of broth to arrive at concentrations of 125 mg/ml, 62.25 mg/ml, 31.25 mg/ml, etc. A drop of the standardized inoculum corresponding to a 1:100 dilution of the overnight broth culture of the organism was then introduced into each of the tubes. The tubes were then incubated at 37°C overnight after which they were examined for signs of turbidity, which would indicate the growth of the test organism. Control tubes were also included alongside with the incubated tubes (for easy reading) as demonstrated for antibiotics by Norrel and Kessley (1997) . The controls were prepared as follows: A = Positive (growth) controls -seeded tube but no extract B = Negative (sterility) -Unseeded tube with extract C = Negative (sterility) -Unseeded tube without extract
Statistical analysis
Each test was replicated twice for each plant's extract and antibiotic at various concentrations. The data obtained from the study were subjected to statistical analysis using analysis of variance (ANOVA) and the least significant difference (LSD) was used to test whether there was a significant between the means or not. Statistical package employed was IBM SPSS software, version 22. Table 1 shows the phytochemical profile of the ethanolic extracts of the twenty plant species. The results showed that alkaloids, balsam, flavonoids, saponins, cardiac glycosides, phenols, tannins, terpenes and steroids were present in the crude extracts of the plant species. However, two of the plants (A. vera and E. hirta) did not possess all the chemical compounds, while the rest of the plants contained all. It was observed also that some of the plant species contained these compounds in appreciable amounts and others had them in trace amounts. The antimicrobial activity of ethanolic and water extracts of 14 plant species and of 3 commonly used antibiotic drugs on human isolate of E. coli O157:H7 are presented in Tables 2 and 3 respectively. All the 14 plants showed inhibitory effect against the growth of the bacterial isolate at various degrees ( Table 2 ). The results also reveal that among these 14 plants species, the ethanolic and water extracts of P. guajava exhibited the highest inhibitory effect against bacterial isolate with growth inhibition mean zone diameters of 29.9 and 26.0 mm respectively at a high concentration of 500mg/ml. These were closely followed by the ethanolic extracts of A. sativum, Z. officinale, V. amygdalina and M. indica with mean zones of inhibition of 21.2, 20.8, 20.3 and 19. 9 mm respectively at 500 mg/ml concentration. The results also show that the ethanolic and water extracts of A. sativum, M. indica, P. guajava, V. amygdalina and Z. officinale inhibited the growth of the test organism at all the concentrations employed in this study. It was observed that the ethanolic extracts of P. guineese, S. verticillata C. sinensis, and water extract of M. fragrans also showed promising activity against the test bacterium by producing moderate mean zones of inhibition of 16.9, 15.3 15.0 and 15.8 mm, respectively at 500 mglml. On the other hand, the crude extracts of 4 plant species namely; A. vera, B. pinnatum, C. occidentalis and O. gratissimum exhibited relatively minor effect on the growth of E. coli O157:H7 isolate with zone diameters ranging between 5.7 and 8.7 mm for their ethanolic extracts and 3.6 and 6.2 mm for their water extracts at 500 mg/m. The results also show that both ethanolic and water extracts of A. vera exhibited analogous activity on the test organism with mean zones of inhibition of 6.0 and 5.6 mm respectively at 500 mg/ml. The ethanolic extract of E. hirta showed only slight activity on the organism with mean zones of inhibition of 2.3 and 4.5 mm at 250 and 500 mg/ml, respectively, while the water extract of the same plant showed no activity at all the concentrations (Table 2) .
RESULTS
When the results of the activity of water (aqueous) and ethanolic extracts of the plant species against the test organism were compared statistically, it was observed that there was a significant difference (P<0.05) between the aqueous and ethanolic extracts with respect to the degree of their inhibitory effect, with the latter having higher inhibition than the former. The results in Table 2 also indicate that the plant extracts that inhibited the growth of the test organism decreased in effectiveness as the extract concentration decreases. Thus at a lowest concentration of 31.25 mg/ml most of the plant extracts showed little or no activity against the test organism. At higher concentrations of 250 and 500 mg/ml most of the plants that exhibited activity had better zones of inhibition. Table 3 shows the sensitivity of E. coli O157:H7 to 3 different standard antibiotic drugs. The results reveal that 3 of the antibiotics, namely, ciprofloxacin, streptomycin Table 3 indicated that there was significant difference between the zones of inhibition exhibited by some of the antibiotics against the test organism with regard to various concentrations. On comparing the results of the antimicrobial tests of the plant drugs and that of the standard antibiotic drugs against the test organism (Tables 2 and 3) , it was observed that only one of the standard antibiotic drug, ciprofloxacin that inhibited the growth of the test organism more than all the plant drugs at all the concentrations employed in this study. Comparison of the results in Tables 2 and 3 also reveal that extracts of P. guajava showed antimicrobial activity against the test organism that is comparable to that of streptomycin. In the same manner, extracts of A. sativum, M. inidca, V. amygdalina, and Z. officinale exhibited activity against the test organism almost similar to ampicillin.
The minimum inhibitory concentration (MIC) of the plant extracts and that of the antibiotic drugs that showed activity against the test organism was determined and the results are presented in Tables 4 and 5 respectively. The MIC results in Table 4 reveal that some of the plant species exhibit equal or similar MIC on the test organism, while the MIC results of the rest of the plants varied from one another. Out of the 14 plant species that their MICs were determined in this study, the ethanolic and water extracts of P. guajava had the lowest MIC values of 0.25 and 0.5 mg/ml respectively. These were followed by the MIC results of A. sativum, M. inidca, V. amygdalina and Z. officinale, which manifested equal but also low MICs of 1 and 2 mg/ml for their ethanolic and water extracts respectively. The results in Table 5 show that ciprofloxacin had the lowest MIC value (0.125 mg/ml). This was followed by streptomycin (0.25 mg/ml), while ampicillin had the highest MIC value of 1 mg/ml.
A comparison between the MIC results of the plant extracts with those of the standard antibiotics reveal that the standard antibiotic (ciprofloxacin) had a lower MIC value than the MIC values of the plant species (Table 4 and 5). The results show that the ethanolic extracts of P. guajava presented the same MIC value with that of streptomycin (0.25 mg/ml) against E. coli O157:H7. However, the ethanolic and water extracts of P. guajava manifested better MICs against the test organism than ampicillin (1 mg/ml). The results also show that that ethanolic extracts of A. sativum, Z. officinale, V. amygdalina and M. indica manifested the same MIC (1 mg/ml) with standard antibiotics ampicillin against the test organism.
DISCUSSION
The results of the phytochemical screening obtained in this study may have been affected by the type of solvent used for extraction. Only ethanolic extracts of the plant species were used to determine the type of chemical compounds present in them. Certain plant-based drugs have presented high yield of extractable chemical substances in their water extract (Rojas et al., 2006) . This shows that water, and not always alcohol, can serve as the best solvent for extracting certain chemical compounds from some plants. Another factor that could have affected the type of chemical compounds present in the plant species is the source of the plants. It is known that environmental stress and mineral deficiency (e.g. boron shortage) affect phenolic anabolism and tannins present in the plants (Harbone, 1993) . The presence of the phytochemical compounds in appreciable quantities in most of the plant species suggests that such could be useful in curing infections associated with E. coli O157:H7 most especially those that have antibacterial medicinal potentials. For example, Jin-Hyung et al. (2011) reported that flavonoid (phloretin) inhibited E. coli O157:H7 biofilm formation and ameliorates colon inflammation in rats.
Recent research has focused on natural plant products as alternatives for disease control in both developing and developing countries (Tona et al., 1998 ; Keita et al., 2000; Todar, 2005) . The significance of the inhibitory effects of crude extracts of various plant species against E. coli O157:H7 have been demonstrated by the results from this study. Among the plant extracts tested in this work, those of the leaves of P. guajava (guava) showed the most remarkable inhibitory effect against the test organism (E. coli O157:H7). The largest zones of inhibition caused by the extracts of leaves of P. guajava against the test organism further supported the effective use of guava to control diarrhoea, dysentery and gastro-enteritis (Arima, 2003) . In addition guava is known to be rich in phytochemical compounds such as flavonoids, phenols, terpenes, and essential oils. Much of guava's therapeutic activity is attributed to these compounds (Holetz, 2002) . Following P. guajava in order of inhibitory effects against E. coli O157:H7 are A. sativum, Z. officinale, V. amygdalina and M. indica. Phytochemical constituents such as alkaloids, flavonoids, saponins, terpenes and steroids are some of the major compounds present in these plants and they are known to exhibit antimicrobial properties. Thus, the plants also showed high antimicrobial properties against the bacterial isolate. The present finding confirms the scientific studies carried out on some of these plant species as having effectiveness in inhibiting the growth of certain bacterial isolates in vitro (Ali, 1994; Tona, 1999; Nwokedi et al., 2003; Akinpelu and Onakoya, 2006; Okorondu et al., 2006) . The present study also agrees with work of Eman and Hoda (2008) that reported that garlic powder was able to induce strong inhibitory effect on the growth of E. coli O157:H7. It is interesting to note that P. guajava, A. sativum, Z. officinale, V. amygdalina and M. indica were the only plant species that exerted inhibitory effect on the test bacterial isolate at all the concentrations considered in this research. This suggests that the compounds responsible for the antibacterial activity were present in appreciable quantity at all the concentrations as to have been able to inhibit the growth of the test organism. The extracts of C. senensis, P. guineese, S. verticillata and M. fragrans also showed promising activities against the test microorganism by producing moderate zones of inhibition on the culture plates. The results obtained from this study thus compliment earlier reports by Soforowa (1993), Burkill (2000) and Shafran et al. (1996) that justify that some of these plants showed antimicrobial activity against some pathogenic microorganisms associated with diarrhoea.
The results of this investigation also reveal that some of the plant species, namely, A. vera, B. pinnatum, C. occidentalis, E. hirta and O. gratissimum exerted very minimal antimicrobial effect on the test organism. The relatively low inhibitory activity exhibited by these plants extracts against the test organism is surprising as this contradicts previous reports (Tella, 1986; Erique, 1988; Iwu, 1993; George and Roger, 1998) . These reports showed that these plants have strong antimicrobial activities against both gram-positive and gram-negative bacteria. The reduced effectiveness of these plant extracts observed in this study may be due to low concentration of phytochemical constituents or that the method of extraction did not yield high concentrations of the chemicals that could have had reasonable effects on the test organism.
The findings of the present study showed that the ethanolic extracts of all the plant species exhibited a higher degree of antimicrobial activity when compared to the water extracts with the exception of A. vera and M. fragrans. The higher susceptibility of the test bacterial isolate to ethanolic extracts of most of the plant species is not surprising as previous studies have reported ethanol to be a better solvent than water for extracting secondary metabolites (which are inhibitory to microorganisms) from most plants (Olukoya et al., 1993; Okorondu et al., 2006) . Caceres et al. (1993) tested guava leaf extract obtained with three solvents of different polarities (n-hexane, acetone and ethanol). They discovered that ethanolic extract of the plant was most efficient against the pathogenic enterobacteria tested. The parity in the activity and spectrum of extracts as a result of the nature of solvents lend more weight to the findings of Obi and Onuoha (2000) . These workers reported high recovery of alkaloids and essential oils with ethanol than with water. Thus, it could be that some of the active principles responsible for medicinal property of the plants may not be extractable using only water as solvent. The higher inhibitory activity exhibited by ethanolic extracts than the water extracts by most of the plant species also correlated with the preparations of medicinal plants by traditional medical practitioners (TMP) who use rum and liquor to extract the active plant compounds. Furthermore, the reason why the ethanolic extracts of most of the plant drugs exerted more antibacterial effect against E. coli O157:H7 isolate than their aqueous (water) extracts could be due to the fact that the antibacterial activity of the plants seemed to depend on their polar constituents with the ethanolic extracts being more polar than the aqueous extracts (Sofowora, 1993) .
Both water and ethanol were found to be suitable solvents for the extraction of bioactive agents from A. vera. Their ethanolic and water appeared seems to exert similar antimicrobial effect on the test organism. This suggests that the polar constituents of the ethanolic and water extracts of this plant are similar in activity (Sofowora, 1993) . It is interesting to note that the use of water extract of nutmeg (M. fragrans) for anti-diarrhoeal activity, normally practiced in India folk medicine (Shidore et al., 1985) is confirmed in this study, as the water extract of the plant seems to show more activity against the test organism than the ethanolic extract.
The results of this study show that only the ethanolic extract of the leaf of E. hirta was slightly effective against the E. coli O157:H7 isolate. The water extract of the same plant showed no activity at all. This may be attributed to the fact that ethanolic extract contained a small quantity of the bioactive agents which had little effect on the organism. Another reason could be that the polar constituents that could have exerted effect on the organism were not present in the water extract (Sofowora, 1993 ) that was why no inhibition was encountered.
It was observed that the test plants that showed activity against the E. coli O157:H7 isolate became more effective in inhibiting the organism as the concentration of the plant extracts increased. This suggests that the antibacterial activity of the crude plant extracts appeared to be dosage dependent. Hence, the concentrated decoction may be an effective therapy against diarrhoegenic agents. This finding may be useful in dosage administration. However, it reflects the problem of drug administration by traditional healers in which the dosage of the unrefined herbal preparations is often very small to make any meaningful impact or too large, which may be harmful to the body system (Nwokedi et al., 2003) . Meanwhile, it may be pertinent to continue cooperation with traditional healers to regulate and standardize the dosage of herbal medicines they administer to the patients that patronize them. The sensitivity test of E. coli O157:H7 to different standard antibiotics that served as positive control showed that all the three (ciprofloxacin, streptomycin and ampicillin) were active against the organism. The findings of this study are in agreement with former studies by Akinpelu and Onakoya (2006) and Mawak and Ashamu (2006) in which streptomycin and ampicillin acted against certain bacterial isolates including E. coli O157:H7. In addition, Antai and Anozie (1987) observed that ciprofloxacin inhibited the growth of many serotypes of pathogenic E. coli.
On comparing the results of the antimicrobial activity of the extract of the plant species with those of the standard antibiotics, it was observed that none of the plant extracts was more active against E. coli O157:H7 than ciprofloxaxin. However, the extracts of some of the plant species (A. sativum, M. indica P. guajava, V. amygdalina and Z. officinale) presented antimicrobial activity comparable to that of other standard antibiotics (streptomycin and ampicillin). This finding agrees with the work of Gnan and Demello (1999) who compared the effects of the extracts made of guava leaves and fruits at a concentration of 6.5 mg/ml upon test organism to those of conventional antibiotics (chloramphenicol, cefoxitin and metaxotin) and found that the results were comparable. Akinpelu and Onakoya (2006) revealed also that extracts of P. guajava compared favourably with a standard antibiotic (streptomycin) when tested against certain gastrointestinal organisms. In another study Rojas et al. (2006) reported that the water extract of Jacaranda mimosifolia and Piper pulchrum showed a higher activity than standard antibiotic drug (gentamycin sulphate) against Bacillus cereus. In addition, Irobi et al. (1996) found that leaf extracts of P. guajava were more efficient than oxytetracycline for treating acute diarrhoea in humans. The present findings and the reports of previous workers have confirmed the fact that some of the herbal preparations used by the traditional healers actually possess medicinal potency similar to standard antibiotics. Many of the herbal remedies of old have since been adopted and adapted by conventional Western allopathic medicine, simply due to the fact that they are effective. Thus the inestimable value of medicinal plants to health care systems in the world has increasingly become appreciated (Egunyomi, 2015) . In some remote communities in Colombia, traditional healers claim that their medicine is cheaper and more effective than modern medicine (Rojas et al., 2006) . Rojas et al. (2006) also reported that patients of rural communities who rely mostly on traditional medicine claimed to have a reduced risk to get infectious diseases from resistant pathogen than people in urban areas treated with synthetic antibiotics. However, if they are treated in a hospital the chance of contracting a nosocomial infection may increase. Thus, one way to prevent antibiotic resistance of pathogenic species according to Akinpelu and Onakoya (2006) is by using new compounds that are not based on existing synthetic antimicrobial agents. Drug resistance has been a source of grave concern in clinical practice (Antai and Anozie, 1987) . It is regrettable to note in a typical Nigerian setting, the escalation of antibiotic resistance of pathogenic organisms due to the uncontrolled use of antibiotics and the common practice of self-medication. This suggests that the Nigerian Society for Microbiologists and the Nigerian Medical Association should embark on a nationwide programme of public enlightenment through the mass media, on the dangers of antibiotic abuse.
A close examination of Tables 4 and 5 reveals that, apart from the standard antibiotic drug (ciproflaxacin) which had a lower MIC value than all the extracts of the plant species, the other two standard antibiotics (streptomycin and ampicillin) had equal MIC values with the extracts from some of the plant species. The low MIC value exhibited by ciproflaxacin could be attributed to the fact that it is among the latest antibiotic drugs not yet exposed to bacterial resistance. Thus, E. coli O157:H7 was found to be highly sensitive to the drug. Among the plant species, P. guajava, A. sativum, Z. officinale, V. amygdalina and M. indica could be regarded as the first choice plants whole extracts for inhibiting the growth of E. coli O157:H7, since they compared favourably with standard antibiotics. It was also observed that the extracts of four plants, namely C. senensis, M. fragrans, P. guineese and S. verticillata showed relatively low MIC values against the test organism. This suggests that the four plants could also serve as alternative sources of herbal medicines for treating infection caused by the pathogen. Again, the extracts of plants such as A. vera, B. pinnatum, C. occidentalis, O. gratissimum and E. hirta may not be effective for the treatment of the infection associated with the test organism, as they exhibited high MIC values against the test organism. Generally, the ethanolic extracts of most of the plant species had lower MIC values than the water extracts of the same plants. This shows that the chance to find antimicrobial agents was more apparent in ethanol than in water extracts of the same plants.
The results of the antimicrobial activity and that of the MIC of the various the crude extracts of the plant species revealed that out of the 14 plants species examined, only 9 inhibited the growth of E. coli O157:H7 substantially, with P. guajava showing the best antimicrobial activity. The inhibition of E. coli O157:H7 in vitro by the crude extracts of these plants species, points to the fact that they were actually fortified with bioactive principles. The crude extracts of some of the plant species also compared favourably with antibiotic drugs by exhibiting similar antimicrobial activity. Furthermore, as the extracts of the plant species contain phytochemical constituents, it therefore suggests that they could be important source of antimicrobial drugs which could be beneficial in curbing the spread of infectious disease associated with E. coli O157:H7.
